Telecommunications Network Switching Facility by Kumar, Eric
  
  
This report is on a mission critical telecommunications network switching facility located in 
Southern Mississippi. The life safety and property preservation measures are summarized in 
this report. The existing design practice is analyzed and evaluated in this report against a per-
formance based approach. 
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Statement of Disclaimer 
 
This project report is a result of a class assignment; it has been graded and accepted as fulfillment of the 
course requirements. Acceptance of this report in fulfillment of the course requirements does not imply 
technical accuracy or reliability. Any use of information in this report is done at the risk of the user. These 
risks may include, but may not be limited to, catastrophic failure of the device or infringement of patent or 
copyright laws. California Polytechnic State University at San Luis Obispo and its staff cannot be held liable 
for any use or misuse of the project. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Executive Summary 
This report is on a mission critical telecommunications network switching facility located in Southern Mississippi. The 
life safety and property preservation measures are summarized in this report. The prescriptive design approaches 
for various fire and life safety systems in telecommunications facilities were evaluated against the performance 
based approaches studied in the Cal Poly Fire Protection Engineering curriculum. Majority of the prescriptive ap-
proaches are in accordance with the performance based solutions, however the smoke management system’s per-
formance and prescriptive design yields a significant discrepancy. 
For the smoke management system, a difference in the flow rates is observed between the exhaust and make-up 
rates with the use of the NFPA-92 method and the CFD model. The CFD yields the flow requirements nearly 4 times 
the amount required when calculated with the NFPA-92 approach. Further research beyond the scope of this report 
is required to factor the influence of the actual operating conditions, such as high rates of air change, the IT equip-
ment heat load, and cold supply air. 
The egress provisions per NFPA 101 and the IBC are more than sufficient for telecommunications facilities with its 
low occupancy loads. The one concern is the pre-movement time for occupants who are intimately involved in de-
tailed tasks when the alarm conditions occur. 
The NFPA 13 sprinkler, Light Hazard classification is sufficient for the administrative support area suppression. For 
the process and other equipment spaces NFPA 2001 provides adequate means of early suppression using FM-200 to 
protect the electronic equipment and minimize smoke generation and fire propagation. 
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I. Building Introduction 
1. Building Description 
Building Height: 24 ft. 
Building Area: Single Story Structure, 14,398 SF 
Type of Construction:  Type II-B- 0 hour protected exterior bearing wall, 0 hour rating for structural frame or columns and girders. 0-hour fire resistance requirement for floor construction. 
Occupancy:  Industrial-Low Occupancy 
Protection: NFPA-13 Supervised Pre-Action System for Non-Process Areas, Clean Agent (FM-200, HFC-227) Suppression for Process Areas, Alarm and Detection in Accordance with NFPA-72. 
        The facilities process area’s are protected with a Smoke management System which are designed to keep the smoke layer in these spaces above 6’-0” of the finished floor. 
Use: Special Purpose, FCC regulated telephone service switching center, responsible for emergency communications and general public use. 
2. Applicable Laws/Regulations/Standards 
Building:  2003 International Building Code 
Mechanical:  1997 Standard Mechanical Code 
Plumbing: 2003 International Plumbing Code 
Electrical: 2005 National Electrical Code 
Energy Code: 2007 ASHRAE 90.1 
Fire Safety: 2003 IFC, NFPA 101-2000 Life Fire Safety, 2010 NFPA-72 National Fire Alarm and Signaling Code, and 2009 NFPA-76 Standard for the Fire Protection of Telecommunication Facilities, NFPA 13 Automatic Sprinkler 
Systems, NFPA 2001- Standard on Clean Agent Fire Extinguishing System 
  
  
 
 
 
 
 
 
 
 
 
II. Egress Analysis and Design 
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1. Exit Provisions. 
1. Definition 
A.3.3.75. Exits include exterior exit doors, exit passageways, horizontal exits, exit stairs, and 
exit ramps. In the case of a stairway, the exit includes the stair enclosure, the door to the 
stair enclosure, the stairs and landings inside the enclosure, the door from the stair enclo-
sure to the outside or to the level of exit discharge, and any exit passageway and its associ-
ated doors, if such are provided, so as to discharge the stair directly to the outside. In the 
case of a door leading directly from the street floor to the street or open air, the exit com-
prises only the door. Doors of small individual rooms, as in hotels, while constituting exit 
access from the room, are not referred to as exits, except where they lead directly to the 
outside of the building from the street floor. 
2. Basis of Design 
The facility is designed in accordance with 2006 IBC, section 1018. 
3. Implementation 
Four (4) egress exits are provided are in accordance with the LSC Table A7.6. The max al-
lowable distance is 300 ft. for the sprinklered building, but the owner required a maximum 
exit travel distance of 200 ft. All exits directly discharge to grade.  
An additional exit/entrance is provided per NEC 110.26(C)2 for the electrical which has high 
amperage electrical gear. 
 
 
 
       
 Exits per the LSC and NEC 
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2. Occupancy Classifications 
1. LSC Occupancy 
The facility is classified as on Industrial Occupancy per LSC 6.1.12.  
It is a telephone exchange facility, which is listed in LSC. A.6.1.12.1. 
Per LSC 40.1.4.2 it can be further classified as a special-purpose industrial occupancy as it conducts low 
hazard industrial operations.   
a) Spaces 
Switch Room 
Dimensions: 40’-0”x 84’-0”-Industrial Telecommunication Process 
Switch Mechanical Room 
Dimensions: 40’-0”x 18’-0”-Mechanical Air Handling Space 
Shipping and Receiving Area 
Dimensions: 40’-0”x 36’-0”-Incidental Storage Shipping/Receiving 
Electrical Room 
Dimensions: 12’-0”x36’-0”-High Voltage Electrical Gear 
Data/IT Room 
Dimensions: 12’-0”x36’-0”-Facilities IT Hub 
DC Power Room 
Dimensions: 31’-0”x45’-0”-Hazardous Chemical  
Control Room 
Dimensions:  13’-0” x 32’-0”-Process Monitoring and Control 
Hallway-119 
Corridor 
Offices 116/117 (Identically sized rooms) 
Dimensions: 12’-0” x 12’-0” 
Offices 118  
Dimensions: 24’-0” x 23’-0” 
Conference Room 
Dimensions: 32’-0” x 24’-0” 
Open Office  
Dimensions: 35’-0” x 39’-0” 
Conference Room 
Dimensions: 25’-0” x 33’-0” 
Break Room 
Dimensions: 25’-0” x 14’6”  
 
ColorDelineated Occupancy Classification per LSC. 
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3. Capacity of Means of Egress 
1. Occupant Load Table and Number of Exits 
The occupant load factors are obtained from LSC Table 7.3.1.2. In the table below the area (sft) is di-
vided by the load factor for the LSC table. The quantity of means of egress is determined using the 
capacity factors indicated in IBC and multiplying it by the door width. 
ROOM OCCUPANT LOAD & EGRESS REQUIREMENTS 
ROOM 
NUM.  ROOM NAME  
  
AREA 
(SF) 
OCCUPANT 
LOAD FAC-
TOR 
SPACE 
OCCUPANT 
LOAD 
COMMON 
PATH OF 
TRAVEL? 
DOOR 
WIDTH 
(NOMINAL) 
(IBC) 
0.15 
person/in 
# MEANS 
OF 
EGRESS 
REQUIRED 
100 VESTIBULE * 98 100 1.0 YES 72 480 1 
101 CONFERENCE ROOM * 782 15 52.1 - 36 240 2 
102 HALLWAY * 300 100 3.0 YES 72 480 1 
103 BREAK ROOM * 350 100 3.5 - 36 240 1 
104 MENS RESTROOM   222 50 4.4 - 36 240 1 
105 WOMENS RESTROOM   190 50 3.8 - 36 240 1 
106 
TECHNICAL STAFF OPEN 
OFFICE * 1378 100 13.8 NO 36 240 1 
107 BATTERY ROOM   1323 300 4.4 - 108 720 1 
108 HALLWAY * 240 100 2.4 YES 36 240 1 
109 TELCO ROOM   370 300 1.2 - 36 240 1 
110 ELECTRICAL ROOM   362 300 1.2 - 36 240 1 
111 JANITOR * 33 100 0.3 - 36 240 1 
112 SHIPPING/RECEIVING   1410 500 2.8 - 72 480 1 
113 SWITCH ROOM   3376 300 11.3 - 72 480 1 
114 
SWITCH MECHANICAL 
ROOM   764 300 2.5 - 48 320 1 
115 CONTROL ROOM * 413 100 4.1 - 36 240 1 
116 OFFICE * 136 100 1.4 - 36 240 1 
117 OFFICE * 136 100 1.4 - 36 240 1 
118 OFFICE * 571 100 5.7 - 36 240 1 
120 SPARES ROOM * 528 300 1.8 - 36 240 1 
120 HALLWAY * 163 100 1.6 YES 36 240 1 
121 SHOWER * 64 50 1.3 - 36 240 1 
122 RISER ROOM * 64 300 0.2   36 240 1 
123 MECHANICAL ROOM   235 300 0.8 - 36 240 1 
                    
  TOTAL OCCUPANT LOAD:       126.1         
 
 
Interior spaes and doorways.  
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4. Fire Rating of Egress Path Partitions and Horizontal Exits 
• This facility does not have any horizontal exits. 
• Corridor walls are exempt per 40.3.6 from 7.1.3.1 due to the operational nature of the industrial 
processes. 
• Interior Finish per LSC Chapter 40. 
 
Instructions as noted on Sheet G004A/B (See Appendix). Code references have been added for this re-
port. 
1. POWER OR SYSTEM FAILURE - ALL INTERIOR DOORS SHALL FAIL CLOSED AND UNLOCKED 
PER NFPA101. NOTE, THIS REFERS TO DC POWER OUTAGE SINCE THESE SYSTEMS ARE TO BE 
POWERED WITH INVERTER POWER. 
2. FIRE ALARM - ALL INTERIOR DOORS SHALL FAIL CLOSED AND UNLOCKED PER NFPA 101. 
3. FIRE ALARM - ALL EXTERIOR DOORS SHALL FAIL CLOSED AND LOCK. 
4. FIRE ALARM CONDITION OVERRIDES SECURITY SYSTEM FAILURE CONDITION. 
5. EGRESS FROM THE BUILDING DURING A FIRE ALARM OR POWER OUTAGE CONDITION 
SHALL COMPLY WITH NFPA 101, SECTION 7.2.1.6.2. NOTE, THIS DOES NOT APPLY TO 
DOORS THAT RESTRICT ACCESS INTO THE BUILDING OR SPACE FOR SECURITY REASONS. 
6. DEAD END CORRIDORS IN GROUP B OCCUPNANCIES EQUIPPED THROUGHOUT WITH AN 
AUTOMATIC SPRINKLER SYSTEM SHALL NOT EXCEED 50 FEET PER 2006 IBC 1017.3, EXCEP-
TION 2. 
7. COMMON PATH OF EGRESS TRAVEL 75 FEET MAXIMUM WITHOUT AN AUTOMATIC SPRIN-
KLER SYSTEM EQUIPPED THROUGHOUT PER 2006 IBC 1014.3. 
8. MAXIMUM OCCUPANT LOAD FOR SPACES WITH ONE MEANS OF EGRESS IS 49 OCCUPANTS 
PER 2006 IBC TABLE 1015.1. 
9. EXIT ACCESS TRAVEL DISTANCE 200 FEET MAXIMUM WITHOUT AN AUTOMATIC SPRINKLER 
SYSTEM EQUIPPED THROUGHOUT PER 2006 IBC TABLE 1016.1.  
 
Fire Rated Partitions (Above) 
Exit Signs and Emergency Lights (Below) 
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5. Pre-Movement and Movement Times. 
Switch Room, Electrical Room, DC Power Room, Data IT Rm, Switch Mechanical Rm 
Occupants Characteristics 
Generally the occupants will be familiar with the building.  
 
Pre-movement 
People in this space will have high 
ambient noise for lighting and sound 
due to the various types for equipment 
with LED’s bulbs flashing and IT 
equipment fan sound levels. The occu-
pants will be occupied in detailed IT 
equipment repair tasks, limiting their 
call of attention to fire alarms or 
events. It is likely that the occupants 
will have sound isolating head phones. 
Occupants in this space may also have 
wrist bands to ground ESD. The visual 
access to other occupants will also be 
very limited and may lead to prolonged inattentiveness to the fire/life safety event.  
It is my estimate that it will take up to 120 seconds for the occupants to realize the incident and decide to 
take actions. 
Movement Time 
The furthest travel distance from these spaces is the 140’-0” distance from the East side of the Switch Room.  
The route to the exit from this distance includes  
• Starting inside the  Switch Room 
• 73’-0” of unimpeded flow 
• 36” nominal door 
o Flow from the control room joins the path 
o Flow from the Spares room joins the group 
o Flow from the (2) private Offices and the Open Of-
fice joins the group 
• 60” wide corridor for 35’ 
• Another 36” wide door 
• 66” wide corridor for 3’ 
• Merges with follow from a 60” corridor 
o Flow from the North spaces joins the path. 
 Tech Staff Office 
 Restrooms 
 Janitors Closet 
 Shower 
• After the merger the corridor is 66” wide for 14” 
o Flow from the Break room joins the pathways 
• 72” double door 
• 66” wide corridor/vestibule for 14” 
• Discharge 
 
The spread sheet on the next page quantifies the time required to egress the facility. Due to the capacity of 
the corridors and doors, no queuing is expected. The longest required time for evacuation is for the occu-
pants from the Switch Room as expected. The assumption used to reach the indicated time of 1.68 minutes 
is that occupants of the spaces closest to the exit discharge will leave the building first. As density if fairly 
low for the space, the speed is relatively fast 235 feet per minute/person. The Switch room occupant’s time 
accounts for the unimpeded flow through the switch room, through the three distinctly sized corridors and 
four doors. Time from the subsequent spaces is added this is done in the spread sheet by summing all of the 
red fields. The left most red, t-time, cell is totalized with all the columns to its left, using the highest value 
from that column to be conservative. 
 
6. Other Areas 
Occupants Characteristics 
Generally the occupants will be familiar with the building. Some may be FTE (full time employees) based out 
of this facility or field technicians who frequent this facility as their headquarters. 
 
Pre-movement  
People in these spaces will be doing stationary office work or be in a seminar meetings. Those in the seminar 
meeting will have the influence of others and quickly take to evacuation. The single occupant small office 
will house executives, who have the high level of rank in the corporate hierarchy and will be very tentative 
to the happenings in the facility. These individuals will hear the building alarms but will also see the alarms 
pop up in their BMS graphics interface which they monitor constantly. With the background and status of 
these occupants, it is expected that reaction the the alarm/event will be relatively fast. 
 
Movement Time 
The movement time of these spaces will be below those calculated previously, because the distances are 
shorter than from the Switch Room. The occupants will also be more responsive to incidents/alarms. 
  
Space 
time to 
door 
(minute
s) 
Door 
Widt
h 
Eff. 
Widt
h (x-
12) 
Fsm(person/
min/eff.Wid
th) 
time to go 
through door 
Corri-
dor 
Width 
Eff. 
Corri-
dor 
Width 
Fsm(perso
n/min/eff.
Width)2 
Corri-
dor 
Area 
S (235 if 
Fs/D>235 
Dis-
tance(ft) 
t to reach 
merger 
Width 
Door 119 
Eff. 
Width 
t to go 
through 
Door 119 
Corri-
dor 
Area3 
S (235 if 
Fs/D>23
54 
Dis-
tance(ft)5 
t to 
reach 
mer-
ger6 
Corri-
dor 
Area 
(sft) S (ft./min) 
Dis-
tance(ft)7 
t to 
reac
h 
door 
102 
(min
) 
Widt
h 
Door 
102 
Eff. 
Widt
h8 
t to go 
throu
gh the 
door 
Max 
Person 
/min 
allowa-
ble 
Corri-
dor 
Area 
(sft)9 S (ft./min)10 
Dis-
tance(ft)11 
t to 
reach 
door 
102 
(min)
12 
Width 
Dis-
charge 
door 
Eff 
Widt
h t= 
Total 
Time to 
dis-
charge 
(min) 
Break-
room 0.11 36 24 24 0.07 78 62 24 - - -   - -   - - -   
55.0
0 
44.7457
63 14 
0.3
1 72 60 0.02 120 
98.0
0 
79.728813
56 14 0.18 72 60 
0.0
2 0.72 
Con-
fer-
ence 0.20 36 24 24 0.54 78 62 24 - - -   - -   - - -   
55.0
0 
44.7457
63 14 
0.3
1 72 60 0.18 120 
98.0
0 
77.368421
05 14 0.18 72 60 
0.1
8 1.59 
Mens 
RR 0.10 36 24 24 0.09 60 44 24 - - -   - -   
103.
00 235 19 0.08               120               1.13 
Show
er 0.05 36 24 24 0.03 60 44 24 - - -   - -   
133.
00 235 26 0.11               120               1.04 
Jani-
tors 0.03 36 24 24 0.01 60 44 24 - - -   - -   
151.
00 235 28 0.12               120               1.01 
Wom
ens 
RR 0.10 36 24 24 0.08 60 44 24 - - -   - -   
189.
00 235 36 0.15               120               1.19 
Tech 
Staff 0.15 36 24 24 0.15 60 44 24 - - -   - -   
189.
00 235 36 0.15               120               1.30 
Open 
Office 0.14 36 24 24 0.12 60 44 24 - - -   36 24 0.08                       120               1.35 
Spare
s 
Room 0.07 36 24 24 0.04 60 44 24 108 235 19 
0.08085
1064 36 24 0.03                       120               1.22 
Office 
117 0.21 36 24 24 0.03 60 44 24 109 235 21 
0.08936
1702 36 24 0.02                       120               1.36 
Office 
116 0.07 36 24 24 0.03 60 44 24 - - -   36 24 0.02                       120               1.12 
Con-
trol 
Rm 0.14 36 24 24 0.09 60 44 24 140 235 25 
0.10638
2979 36 24 0.06                       120               1.39 
Switc
h 0.31 36 24 24 0.13 60 44 24 188 235 35 
0.14893
617 36 24 0.08                       120               1.68 
Table II-0-1 Spreadsheet Manual Evacuation Movement Time
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6. Computer Simulations 
To validate the hand calculations in Section 5, an evacuation movement simulation was performed in the 
Pathfinder Software Simulation program. The simulation indicated that last occupant vacated the building 
29.3 seconds. This number appears to be very aggressive compare to the manual calculations. TO be con-
servative, I would provision for the evacuation time determined through the spreadsheet calculations. On 
top of  the 1.68 minutes I would add the delays associated with the time required for the delayed action.
time(s) 
 "Re-
maining 
(Total)" 
 "Exit-
ed 
(To-
tal)" 
 
"Floors
->Floor 
0.0 ft-
>Ad-
min 
Mech. 
Rm" 
 
"Floors-
>Floor 
0.0 ft-
>Bat-
tery 
Room" 
 
"Floors
->Floor 
0.0 ft-
>Break 
Room" 
 
"Floors-
>Floor 
0.0 ft-
>Clos-
et" 
 "Floors-
>Floor 0.0 
ft-
>Confer-
ence 
Room." 
 
"Floors-
>Floor 
0.0 ft-
>Con-
trol 
Room." 
 
"Floors-
>Floor 
0.0 ft-
>Da-
ta/IT 
Room" 
 "Floors-
>Floor 
0.0 ft-
>Electri-
cal Rm." 
 "Floors-
>Floor 
0.0 ft-
>Hall-
way 
102" 
 "Floors-
>Floor 
0.0 ft-
>Hall-
way 
108" 
 "Floors-
>Floor 
0.0 ft-
>Hall-
way 
121" 
 "Floors-
>Floor 
0.0 ft-
>Jani-
tor" 
 
"Floors
->Floor 
0.0 ft-
>Mens 
Room" 
 
"Floors
->Floor 
0.0 ft-
>Open 
Office" 
 
"Floors
->Floor 
0.0 ft-
>Riser 
Rm." 
 "Floors-
>Floor 0.0 
ft-
>Room232
" 
 "Floors-
>Floor 0.0 
ft-
>Room2321
" 
 "Floors-
>Floor 0.0 ft-
>Room2321"
2 
 "Floors-
>Floor 0.0 
ft-
>Shipping 
and Re-
ceiving" 
 "Floors-
>Floor 
0.0 ft-
>Show-
er" 
 
"Floors
->Floor 
0.0 ft-
>Spare
s Rm." 
 "Floors-
>Floor 
0.0 ft-
>Swictc
h 
Room" 
 "Floors-
>Floor 0.0 
ft->Switch 
Mech.RM
" 
 "Floors-
>Floor 0.0 
ft-
>Vesti-
bule" 
 "Floors-
>Floor 
0.0 ft-
>Wom-
ens 
Room" 
0 126 0 0 4 4 0 52 4 1 1 3 2 2 1 4 14 0 6 1 2 3 1 1 12 3 1 4 
1 126 0 0 4 4 0 51 4 1 1 4 2 4 1 4 14 0 4 1 2 3 1 1 12 3 1 4 
2 124 2 0 3 3 0 48 3 1 1 6 3 6 0 4 14 0 4 1 2 3 1 1 11 3 2 4 
3 121 5 0 2 2 0 43 3 1 1 11 5 7 0 4 13 0 5 0 1 3 0 1 11 3 2 3 
4 118 8 0 2 1 0 42 3 0 1 14 5 8 0 2 14 0 5 0 0 3 0 1 10 3 3 1 
5 117 9 0 2 1 0 39 2 0 1 12 7 10 0 2 15 0 3 0 0 3 0 1 9 3 6 1 
6 113 13 0 2 0 0 36 1 0 0 14 10 12 0 0 14 0 2 0 0 3 0 0 10 1 8 0 
7 111 15 0 2 0 0 33 0 0 0 14 12 13 0 0 14 0 1 0 0 2 0 0 10 1 9 0 
8 106 20 0 1 0 0 30 0 0 0 15 13 12 0 0 12 0 1 0 0 2 0 0 9 1 10 0 
9 101 25 0 1 0 0 28 0 0 0 15 15 12 0 0 11 0 0 0 0 1 0 0 8 0 10 0 
10 94 32 0 1 0 0 26 0 0 0 15 15 12 0 0 10 0 0 0 0 0 0 0 6 0 9 0 
11 90 36 0 1 0 0 23 0 0 0 16 14 11 0 0 10 0 0 0 0 0 0 0 6 0 9 0 
12 84 42 0 1 0 0 20 0 0 0 15 13 10 0 0 9 0 0 0 0 0 0 0 5 0 11 0 
13 76 50 0 1 0 0 17 0 0 0 14 14 9 0 0 7 0 0 0 0 0 0 0 4 0 10 0 
14 70 56 0 0 0 0 14 0 0 0 13 15 7 0 0 5 0 0 0 0 0 0 0 4 0 12 0 
15 66 60 0 0 0 0 12 0 0 0 14 17 5 0 0 3 0 0 0 0 0 0 0 3 0 12 0 
16 59 67 0 0 0 0 9 0 0 0 11 18 5 0 0 1 0 0 0 0 0 0 0 2 0 13 0 
17 52 74 0 0 0 0 6 0 0 0 8 20 4 0 0 0 0 0 0 0 0 0 0 0 0 14 0 
18 45 81 0 0 0 0 3 0 0 0 9 18 3 0 0 0 0 0 0 0 0 0 0 0 0 12 0 
19 38 88 0 0 0 0 1 0 0 0 7 16 1 0 0 0 0 0 0 0 0 0 0 0 0 13 0 
20 32 94 0 0 0 0 1 0 0 0 5 15 1 0 0 0 0 0 0 0 0 0 0 0 0 10 0 
21 27 99 0 0 0 0 1 0 0 0 5 13 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 
22 23 103 0 0 0 0 1 0 0 0 4 11 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 
23 19 107 0 0 0 0 1 0 0 0 2 10 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 
24 13 113 0 0 0 0 0 0 0 0 1 8 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 
25 11 115 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 
26 9 117 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 
27 5 121 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 
28 3 123 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
29 0 126 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
29.03 0 126 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Table 0-2Table for the evacuation time the path finder simulations. 
  
 Figure 0-I-Pathfinder Simulation Screen Shots
Screen shots of the Pathfinder Simulation in approximately 2.9 second increments from the time of decision for action to the discharge of the last occupant. 
 7. Performance Objective Compliance 
1. Process Areas:  Switch Room, Battery Room, Electrical Rooms, Control Room, and Telco 
Room. 
• The process areas are designed with early warning smoke detection, VESDA systems. 
• The VESDA is integrated with the smoke purge management system and clean agent suppression 
systems. 
• The smoke level in these areas will comply with Method 3 of LSC 5.2. 
 
2. Admin. Office, Support, and Auxiliary Areas 
• Taking the example from the SFPE Chapter 2.6 and a Single Armchair Room Burning, which may rep-
resent a fire originating in one of the Offices there will be no Incapacitating dose of asphyxiant gases 
present until all occupants have vacated the building, given everyone exists at the time of fire incep-
tion.   
• If the Switch Room occupants have the 120 seconds delay plus the 1.68 minute travel time, they will 
reach the exterior in 3.68 minutes. The chair burning per the table below will incapacitate the last 
occupants.  
• Table 2-6.7 shows that at the fifth minute however, the products will hinder the egress efforts of the 
occupants as they will only be able to sustain it for 1/1.199=0.83 minutes. If there is a 5 minutes de-
lay and the chair burns in the Open Office, the occupants will encounter the smoke in route to the 
discharge and may not make it to discharge. This scenario is highly unlikely, but an alternate route to 
discharge is available in the buildings in case it does occur. 
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III. Fire Detection and Alarm System 
  
1. Building Description 
Building Height: 24 ft. 
Building Area: 14,398 SF 
Type of Construction:  Type II-B 
Occupancy:  Industrial Low Occupancy 
Use: Special Purpose, FCC regulated telephone service switching center, responsible for emergency commu-
nications and general public use. 
2. Applicable Laws/Regulations/Standards 
Building:  2003 International Building Code 
Mechanical:  1997 Standard Mechanical Code 
Plumbing: 2003 International Plumbing Code 
Electrical: 2005 National Electrical Code 
Energy Code: 2007 ASHRAE 90.1 
Fire Safety: 2003 IFC, NFPA 101-2000 Life Fire Safety, 2010 NFPA-72 National Fire Alarm and Signaling Code, 
and 2009 NFPA-76 Standard for the Fire Protection of Telecommunication Facilities 
3. Fire Alarm Systems Features 
1. *Types of fire detection / initiating devices 
Very Early Warning Fire Detectors: Consisting of air sampling smoke detectors, covering 400’ areas 
per installed level. 
Early Warning Fire: Consisting of photoelectric smoke detectors at ceiling levels. 
The early warning devices have been placed in accordance with table 17.7.6.3.3.1 for up to 
60 air changes an hour. 
Telecommunication Equipment Spaces: Ceiling level (just under roof deck approx. 18’ t0 21’ based 
on location under roof slope) cross zoned air sampling smoke detection with photoelectric spot de-
tectors and air sampling smoke detection just above the equipment rack level (9’-1” AFF). 
 ASSD sampling at all return air intakes is also implemented.   
Administration Areas with Acoustical Ceilings: Photoelectric detectors mounted at the ceiling level. 
Line type heat detectors provided above the ceilings, 135 deg. FT.  
Exit Doors: Manual Pull Stations. 
This facility will also have various initiations and inhibit devices from the smoke manage-
ment systems alerts, HVAC interface and clean agent discharge status. These devices 
are shown on sheet FP-500. 
2. Fire Alarm Control Unit  
FACU located in the facilities controls room, RM-115, with a remote annunciating panel mimicking 
the main panel located at the entrance of the facility, RM-100.  The FACU is a to be an addressable 
type for releasing service  based on manual and automatic input , manufactured by the clean agent 
suppression system manufacture for compatibility. 
3. System Type 
The system will be continuously attended at a central station. 
4. *Type of Notification Appliances 
This facility will be provided with ceiling and wall mounted strobes horn/strobes in accord-
ance with NFPA-72-2010 Chapter 18 and SFPE Handbook Chapter 4, correction factors. 
The audible and visual device layout and selection has been based on both performance 
and prescriptive approaches in conformance with Chapter 18. 
This facility will also have various notifications devices from the smoke management sys-
tems alerts, and clean agent discharge status. These devices are shown on sheet FP-500. 
4. Features used in design methodology 
1. Bases for locations / spacing / placement of initiating devices 
Per NFPA-76, paragraph 8.5.1.2, three levels of fir detections are specified. The levels include; 
1-VEWFD (Very Early Warning Fire Detection)-per NFPA-76 (8.5.3.1.2.5) 
• Alert 0.02%/ft Obscurations Rate 
• Alarm 1.0%/ft Obscuration Rat 
2-EWFD (early warning Fire Detection)-Obscuration 1.5%/ft (Photoelectric) This is the minimum val-
ue allowed. 
3-STD (Standard Fire Detection-Ionization) which is not provided in the telecommunications equip-
ment areas discussed in this report. 
NFPA-76, paragraph 8.5.2.1 requires that EWFD and VEWFD smoke detection systems use sensors or ports 
with spacing that is less than that normally required by NFPA 72. Accordingly, NFPA-76, paragraph 
8.5.3.1.2.2 requires the coverage limitation between high and low levels to be limited to 18.6 m
2 
(200ft
2
) or 
less, when staggered sensor or sampling port arrangements are employed. EWFD’s per NFPA 76 paragraph 
8.5.3.2.1 allow coverage of 37.3m2 or 400ft2. It also requires that the travel path from any sampling port to 
the detectors does not exceed 60 seconds. 
For the facility considered in the report, the EWFD and VEWFD are placed on a maximum 20ft x 20ft grid for 
cross zoning at the ceiling level. VEWFD are also placed on a 20 ft by 20 ft coverage at an intermediate level 
of approximately 9’-2” to 9’-10” AFF, where they alternate with the upper level VEWFD. The lower elevation 
allows the detectors to be placed below cables trays and their stanchion style support grids. 
2. * Bases for locations / spacing / placement of initiating devices 
Notification appliance devices are shown on the drawing sheet FP130. The calculations and selec-
tion method used for device selection of each design case applicable to the project is presented be-
low.  
Switch Room 
Dimensions: 40’-0”x 84’-0” 
Audible Devices: Follow NFPA-72 Table A18.4.3;  
Industrial Occupancy ambient noise is 80dBA. 
Minimum SPL for public notification is 80dBA + 15dBA = 90dBA 
Using equation 
 = 10(
	
		
	
 )
 (Equation 1) 
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Assume horn sound level of 99dBA =15.85’ 
 
Visual Devices: Follow Table 18.5.4.3.1(b) Ceiling Mounted Strobes, at 20’-0” AFF 
45cd devices are sufficient to cover a area of 30’-0”x30’-0”. 
  
A quantity of (6) 99dBA with 45cd Horn/strobes mounted on the ceiling placed throughout the 
space, with each device covering an area of approximately 900sft. 
Switch Mechanical Room 
Dimensions: 40’-0”x 18’-0” 
Audible Devices: Follow NFPA-72 Table A18.4.3;  
Mechanical Room ambient noise is 85dBA. 
Minimum SPL for public notification is 85dBA + 15dBA = 85dBA 
Using equation 
 = 10(
	
		
	
 )
 (Equation 1) 
 
Assume horn sound level of 99dBA  =9’-0” 
 
Visual Devices: Follow Table 18.5.4.3.1(a) Wall Mounted Strobes, at 9’-0” AFF. The wall 
mounted devices on each of the four walls are more prudent here because large sheet met-
als ducts will be installed overhead in the center of the room in the mechanical room. 
15cd devices are sufficient to cover a area of 20’-0”x20’-0”. 
 
A quantity of (6) 99dBA with 15cd Horn/strobes mounted on the walls with (2) devices on the south 
and north walls and one device on the east and west wall, where each device covers an area of ap-
proximately 200 sft. 
Shipping and Receiving Area 
Dimensions: 40’-0”x 36’-0” 
Audible Devices: Follow NFPA-72 Table A18.4.3;  
Storage Room (because area will primarily be used as storage) ambient noise is 30dBA. 
Minimum SPL for public notification is 30dBA + 15dBA = 45dBA 
Using equation 
 = 10(
	
		
	
 )
 (Equation 1) 
 
Assume horn sound level of 90dBA(lowest available for product)  =1778.28’ 
 
Visual Devices: Follow Table 18.5.4.3.1(b) Ceiling Mounted Strobes, at 10’-0” AFF. Given 
the 40’-0” x 40’-0” minimum coverage required, a 60cd device is sufficient. 
 
A quantity of (1) 90dBA with 60cd Horn/strobes mounted on the walls in the center of the room cov-
ering the entire area of the space. 
Electrical Room 
Dimensions: 12’-0”x36’-0” 
Audible Devices: Follow NFPA-72 Table A18.4.3;  
Mechanical Room (because area will have an indoor air handler and integral compressor) 
ambient noise is 85dBA. 
Minimum SPL for public notification is 85dBA + 15dBA = 100dBA 
Using equation 
 = 10(
	
		
	
 )
 (Equation 1) 
 
Assume horn sound level of 99dBA(lowest available for product)  =9’ 
 
Visual Devices: Using performance based required of 0.0375-lumens/ft2 (Per 18.5.4.5.1) and 
the following relation  
 E= 
 (on-axis) and E=
(.)

  (off-axis) 
 
 where d=9’-0”, and =required lamination. Setting E=.0375, E(d2)=3.0375, select a 15cd 
strobe. 
 
 Assuming of value of 15cd, for the off-axis yields E=0.104lumens/ft2. This value of E is ac-
ceptable and exceeds the 0.0375- lumens/ft2 requirement.  
 
A wall mount device is selected for the north as-well as the south wall based on these above 
relations and a ceiling mount device is placed in the center of the room, simply based on 
Table 18.5.4.3.1 (b) ( I have heard from other students that the relations above do not hold 
true for ceiling mounted devices…?). 
Data/IT Room 
Dimensions: 12’-0”x36’-0” 
Audible Devices: Follow NFPA-72 Table A18.4.3;  
Mechanical Room (because area will have an indoor air handler and integral compressor) 
ambient noise is 85dBA. 
Minimum SPL for public notification is 85dBA + 15dBA = 100dBA 
Using equation 
 = 10(
	
		
	
 )
 (Equation 1) 
 
Assume horn sound level of 99dBA (lowest available for product)  =9’ 
 
Visual Devices: Using performance based required of 0.0375-lumens/ft2 (Per 18.5.4.5.1) and 
the following relation  
 E= 
 (on-axis) and E=
(.)

  (off-axis) 
 
 where d=9’-0”, and =required lamination. Setting E=.0375, E(d2)=3.0375, select a 15cd 
strobe. 
20 | P a g e                                                                                                                  
 
 Assuming of value of 15cd, for the off-axis yields E=0.104lumens/ft2. This value of E is ac-
ceptable and exceeds the 0.0375- lumens/ft2 requirement.  
 
A wall mount device is selected for the north as-well as the south wall based on these above 
relations and a ceiling mount device is placed in the center of the room, simply based on 
Table 18.5.4.3.1 (b)  
 
DC Power Room 
Dimensions: 31’-0”x45’-0” 
Audible Devices: Follow NFPA-72 Table A18.4.3;  
Mechanical Room (because area will have an indoor air handler and integral compressor) 
ambient noise is 85dBA. 
Minimum SPL for public notification is 85dBA + 15dBA = 85dBA 
Using equation 
 = 10(
	
		
	
 )
 (Equation 1) 
 
Assume horn sound level of 99dBA (lowest available for product)  =9’ 
 
Visual Devices: Using performance based required of 0.0375-lumens/ft2 (Per 18.5.4.5.1) and 
the following relation  
 E= 
 (on-axis) and E=
(.)

  (off-axis) 
 
 where d=9’-0”, and =required lamination. Setting E=.0375, E(d2)=3.0375, select a 15cd 
strobe. 
 
 Assuming of value of 15cd, for the off-axis yields E=0.104lumens/ft2. This value of E is ac-
ceptable and exceeds the 0.0375- lumens/ft2 requirement.  
 
A wall mount device is selected for the north as-well as the south wall based on these above 
relations and a ceiling mount devices are placed offset 18’-0” from the south wall and cen-
tered on 18’-0” in the center of the room, simply based on Table 18.5.4.3.1 (b)  
 
Control Room 
Dimensions:  13’-0” x 32’-0” 
Audible Devices: Follow NFPA-72 Table A18.4.3;  
Consider business occupancy ambient noise is 55dBA. 
Minimum SPL for public notification is 55dBA + 15dBA = 70dBA 
Using equation 
 = 10(
	
		
	
 )
 (Equation 1) 
 
Assume horn sound level of 90dBA(lowest available for product)  =100’ 
 
Visual Devices: Just considering the occupied area, 30’-0” x30’-0”, a visible appliance with 
30cd rating will be sufficient, based on Table 18.5.4.3.1 (b). 
 
Just (1) 30cd/90dBA ceiling mounted strobe/horn device is required in the room, place in its 
center. 
  
Hallway-119 
Per paragraph 18.5.4.4.1, (2) 15cd strobes are provided at 5’-0” away from the end of the 
corridor. 
Offices 116/117 (Identically sized rooms) 
Dimensions: 12’-0” x 12’-0” 
Wall mounted on east wall of each room, per table 18.5.4.3.1. a 15cd device will suffice 
covering an area of 20’x20’. 
Offices 118 (116/117 Audible) 
Dimensions: 24’-0” x 23’-0” 
Ceiling mount of center of Room 118, per table 18.5.4.3.1, a 30cd device will suffice cover-
ing an area of 30’x30’. 
Since the device also has to provide the required audible sound level to Offices 116 and 117 
corrections factor of the wall and doors are also considered as indicated below. 
The area will be considered as business occupancy per Table 18.4.3, the ambient sound 
level for which will be 55dBA and the horn’s minimum level shall be 70dBA. 
Using the methods of Butler, Bowyer, and Kew; and SFPE correction factors presented in 
Table 4-1.27 (SFPE) for a 40dBA partition with the door representing 25% of it. Using Equa-
tion and setting the correction factor to 19 dBA, a 99dBA horn placed in the center of the 
room will adequately provide the required sound level in the southwest corner of office 116 
and the northwest corner of office 117. 
One 30cd/90dBA strobe/horn device will suffice for the notification in the area. 
Conference Room 
Dimensions: 32’-0” x 24’-0” 
 
The area will be considered as place of assembly per Table 18.4.3, the ambient sound level 
for which will be 55dBA and the horn’s minimum level shall be 70dBA. 
Given the straightforward open area the visual appliance is selected to be 60cd from Table 
18.5.4.3.1, and using Equation 1 from above, a 90dBA horn will be sufficient. 
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3. Performance-based Analysis of Initiating Devices 
The NFPA-76 standard outlines several design fire scenarios for the telecommunication facilities in-
cluding; 
 
5.5.2.1.2 Electrical Component or Systems Fires 
5.5.2.1.3 Communication Cable or Power Cables Fires 
5.5.2.1.4 No telecommunications Equipment Fires  
5.5.2.1.5 Ignitable Liquid Fires 
5.5.2.1.6 Combustible Gas Fires 
5.5.2.1.7 Interior Exposure Fires 
5.5.2.1.8 Exterior Exposure Fir 
Of the list, the 5.5.2.1.3 communication cable or power cable fires are the most likely scenarios for the tele-
communications equipment room. 
Per NFPA-76, paragraph 5.5.2.1.3.2, the design fire developed, shall consider the early stage in the fire de-
velopment when the major damage mechanism is exposure of telecommunications equipment circuits in 
the compartment to corrosive and conductive products of combustion. As well as the later stage of fire 
growth and peak heat release rates that could result in fire extension to additional fuel packages or com-
partments. 
Due to the level of suppression and early detection employed, the focus of this performance analysis will be 
on the early stages of the fire.  If the fire reaches the later stages the telecommunication equipment’s per-
formance and reliability will have already been compromised. 
Per NFPA-76 paragraph 8.5.3.1.2.4 and 8.5.3.2.1.5, air sampling systems shall be designed using manufac-
ture-provided listed criteria. Xtralis’ ASPIRE2 software program has been used to verify the transfer times in 
the air sampling detection tubes to the detector in this report. The piping layouts are shown in Appendix B 
for the 3 distinct piping circuits to be provided in the Telecommunications equipment room. The selection 
parameters are based on a fire threshold of 0.062%/ft and maximum transport time of 60 seconds. 
For the fire scenario, it is assumed that fires originating at the equipment level, where the maximum equip-
ment rack is 8’-0” will be first detected by the lower level smoke detectors. The assumption considers strati-
fication of the buoyant smoke layer at the intermediate elevation because the space above it will be uncon-
ditioned (the cool supply air outlets are at the same elevation as the detector sampling ports). Per the AS-
PIRE2 results, the Air Sampling Smoke Detection will provide detection in 60 seconds, when the smoke 
threshold is reached. This threshold is approximately 62% of that listed in NFPA table B4.7.4.3 for Photoelec-
tric response to PVC.  Below is a comparison of the effectiveness of photoelectric sensors if they were inde-
pendently used (in lieu of cross zoned). It is shown that for the lowest fire rate of .003kW/s
2
 it may take 360 
seconds to detect the fire and would unacceptable. 
Input Parameters Calculated Parameters 
  Ceiling Height (H) 6.41 m R/H 2.20592824 
  Room Width (W) 63.09 m W/H 9.8424337 
  Radial Distance (R) 14.140000 m dT(cj)/dT(pl) 0.17703549 
  Ambient temp. (To) 20.00 oC u(cj)/u(pl) 0.10344365 
  Actuation temp. (Ta) 27.20 oC Rep. t2 coeff. k  
  Reponses time Index (RTI) 1.00 (m-s)1/2 Slow 0.003 
  Fire growth power (n) 2.00 - Medium 0.012 
  Fire growth Coefficient (k) 0.003 kW/sn Fast  0.047 
  Time Step (dt) 1.00 sec Ultrafast 0.4 
  
       
       
Calculation Time (s) HRR 
Gas 
Temp.(
o
C) Gas Velocity Det. Temp dT/dt Pertinent Scenarios 
360 389 27.21 0.41 27.16 0.03 FIRE DETECTED AT PHOTOELECTRIC SD 
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4. *Sequence of Operations 
Please see drawing sheet FP601 for sequence of operations matrix. 
5. System commissioning and ITM requirement 
1. The system shall be initially tested and maintained in accordance with Chapter 14 of NFPA-
72, including but limited to the following; 
14.2.2.1 Installing contractor shall work with the owner in establishing a maintenance 
schedule for all services. 
14.2.2.2 Owner shall contract installing contractor or another certified entity for mainte-
nance service at their discretion. 
14.2.2.4 The owner will contract with Central Station Services based on their corporate 
guidelines and contractual agreements with national CSS vendors. 
14.2.5.4 All clean agent releasing solenoids shall be secured from advertent actuation. All 
pre-action double-interlocked function shall be disabled during any ITM procedure. All sys-
tem shall be brought back online prior to the contractor/vendor end of work shift. 
14.4.1.1.1 Initial System testing shall be coordinated by the General contractor with Own-
er’s national facilities monitoring center, central service provider, and local site stake-
holders, including AHJ, on-site personnel, FPE, and A&E. 
14.4.1.2.1 Reacceptance testing will be required if any device is altered, removed, relocat-
ed, or removed from the system. 
2. The system shall be comprehensively commissioned by the overall construction project’s 
commissioning agent hired by the owner. 
 
Fire alarm contractor shall support the building commissioning activities and provide service 
in accordance with the draft NFPA 3 recommended practices. The fire protection commis-
sioning contract support activated shall include all HVAC interface operation verifications 
and electrical de-powering is carried out in accordance with HVAC and Electrical sequence 
of operations. 
 
Tasks specific to Fire Alarm and Signaling scope including but not limited to; 
• Each initiating devices shall be individually tested and the signal shall be verified at 
the FACP. 
• The status of each notification device shall be recorded during the initiating device 
tests. 
• Fire Smoke Damper operations shall be confirmed during alarm conditions in the 
zone.  
• The shut-down of air-handling equipment shall be verified in zone alarm conditions. 
• Each alarm shall be confirm at the owner’s national monitoring center and the central 
station. 
 
6. Approval Requirements 
The system shall be approved by the local AHJ, City of Pearl Fire Department, the suppression system manu-
facture, and FPE. 
7. Summary 
At the completion of the project, the facility will meet and exceed NFPA-72 requirements. The facili-
ty will be monitored by a central service station for alarm notification. The very early warning level of 
detection in clean agent suppression zones will initiate preliminary alarms and only trigger alarms 
conditions when an early warning detector also senses smoke. The telecommunications area with 
high HVAC air flows will have early warning smoke detectors covering an area 125sft per detector 
mounted below the roof deck, and intermediate ASSD type detection at the smoke buoyancy level 
(10’-0”) as well as at HVAV return intake will be provided. 
Upon detection of smoke in any area or line type heat detector alarm activation, the FACP located 
in the continuously attended control, will initiate notification devices throughout the facility. A remote 
fire alarm annunciation panel will be provided in the entrance vestibule for use by emergency re-
sponders. A map of the facility will also be provided at this locations along with a comprehensive 
utility, secondary DC, and generator de-powering plan. 
5. General Air Sampling Requirements 
1. All sampling piping shall be ¾” VESDA Orange CPVC. 
2. VESDA detector shall be monitored by the fire systems control panel. 
3. VESDA Exhaust pipe shall vent to the same area as being sampled 
4. Sampling pipes shall be supported at no more than 5-ft on center. 
5. Air sampling network piping shall be conspicuously identified as “Smoke Detector Sampling Tube, Do 
Not Disturb” indicated as follows: 
a. At changes in direction of branches of piping. 
b. At each side of penetrations of wall, floors. 
c. At intervals on piping sufficient to provide ready visibility within the space, but no greater 
than 20 ft. 
6. All sample holes shall be marked with a sample point decal. 
7. Coordinate installations with field conditions and all trades. 
8. Monitor VESDA units for pre-alarm and alarm conditions. 
9. Monitor VESDA units for trouble conditions. 
10. VESDA Alert sensitivity setting shall be per NFPA-76 and as specified in the Sequence of Operations. 
11. Air Sampling system shall be interfaced to release clean agent per the sequence of operations. 
12. Adequate and reliable primary and 24 hour minimum standby sources of energy shall be used to 
provide for the operation of the detection, signaling, control. And actuation requirements of the sys-
tems. 
13. The system shall comply with 8.5.3.1.2 VEWFD Sensor and Port Installation as follows; 
 
8.5.3.1.2.1*  
Where one level of sensors or ports is installed in an area, it shall be limited to a maximum coverage 
area of 18.6 m
2 
(200 ft2). 
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8.5.3.1.2.2*  
Where two levels (high and low) of ports or sensors are provided, the following requirements shall be 
met:(1) Each level shall be limited to a coverage of 37.2 m2 (400 ft2) or less per port or sensor.(2) The 
coverage limitation between high and low levels shall be limited to 18.6 m
2
 (200 ft2) or less providing 
for staggered port or sensor arrangements between each level. 
 
8.5.3.1.2.3*  
Sensors or ports shall be installed to monitor return air from the space.(A)* Where stand-alone pack-
aged HVAC units are installed, sensors or ports shall be installed where return air is brought back to 
the unit.(B) Sensors or ports shall be installed such that each covers no greater than 0.4 m2 (4 ft2) of 
the return air opening. 
 
8.5.3.1.2.4*  
Where air-sampling systems are installed, the systems shall be designed using manufacturer-
provided listed criteria. 
 
8.5.3.1.2.5*  
Minimum sensitivity settings above ambient airborne levels for the VEWFD systems installed shall be 
as follows:(1) Alert condition includes the following:(a) Air-sampling systems: 0.2 percent per foot 
obscuration (effective sensitivity at each port)(b) Spot-type sensors: 0.2 percent per foot obscura-
tion(2) Alarm condition includes the following:(a) Air-sampling systems: 1.0 percent per foot obscu-
ration (effective sensitivity at each port)(b) Spot-type sensors: 1.0 percent per foot obscuration 
 
8.5.3.1.2.6  
Maximum transport time from the most remote port to the detection unit of an air-sampling system 
shall not exceed 60 seconds. 
 
 
6. Fire Detection and Alarming Graphical Representations 
1. *Floor plans 
2. Locations / Types of initiating Devices 
See drawing sheets at the end of this report. Below are the two sheets covering floor layout plans 
and the project legends and notes page. 
FP001- Fire Protection General Notes and Legend 
*FP120-Fire Protection Floor Plan Layout, Initiating Devices 
• Initiating Device shown as indicated. 
• PBD assumed fire locations as indicated-Fire are assumed to start at the lowest level of the 
equipment rack, at the floor. 
FP130-Fire Protection Floor Plan Layout, Notification Appliances 
• Notification Devices shown as indicated. 
• Locations of Fire Alarm Control Panel and Fire Alarm Annunciation Panel. 
3. Locations of FACU/subpanels 
FACU and remote annunciation panel are indicated on the drawings; The FACU is provided in the control 
room because it will allow continues monitoring of the panel by personnel in the area, which will be 
occupied 24x7.THe control room is the center of operation of the facility and is the most reliable 
place of the panel. An remote annunciation panel will be placed in the main entrance vestibule for 
emergency responders.  
4. *Locations / types of notification appliances 
A performance and prescriptive layout for the audible/visual notification devices is indicated on the 
drawings. 
5. Riser Diagram 
Riser diagram is providing on drawing sheet FP504. 
 
  
 
 
 
 
 
 
 
 
 
 
 
IV. Fire Suppression Building Narrative 
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1. Building Description 
Building Height: 24 ft. 
Building Area: 14,398 SF 
Type of Construction:  Type II-B 
Occupancy:  Industrial Low Occupancy 
Use: Special Purpose, FCC regulated telephone service switching center, responsible for emergency commu-
nications and general public use. 
2. Water Supply Information (See Drawing Sheet FP 110) 
Static Pressure: 60 psi 
Residual Pressure: 50 psi 
Available Flow Rate: 950 gpm 
 
3. Applicable Laws/Regulations/Standards 
Building:  2003 International Building Code 
Mechanical:  1997 Standard Mechanical Code 
Plumbing: 2003 International Plumbing Code 
Electrical: 2005 National Electrical Code 
Energy Code: 2007 ASHRAE 90.1 
Fire Safety: 2003 IFC, NFPA 101-2000 Life Fire Safety, 2010 NFPA-72 National Fire Alarm and Signaling Code, 
and 2009 NFPA-76 Standard for the Fire Protection of Telecommunication Facilities, NFPA 13 Automatic 
Sprinkler Systems, NFPA 2001- Standard on Clean Agent Fire Extinguishing System 
4. Sprinkler Occupancy Classification (See  Drawing Sheet FP110) 
 Pre-action sprinkler protected support areas: Light Hazard 
Clean Agent Protected Core Network Areas: Light Hazard 
Exterior Generator Enclosures (not sprinkler planned for area): Ordinary Hazard Group.2 
5. Summary of Design Data 
Occupancy Category:  Light Hazard 
Density: 0.11 gpm/ft
2 
Area if coverage: 1,500 ft
2 
Coverage per sprinkler: 144 ft
2 
1500sf/130sf=11.53 sprinklers12 sprinklers 
Number of sprinklers to be calculated: 12 
Hose Stream Required: 100 gpm 
Total water required: TBD in report. 
Operating Sprinklers in a branch line: (1.2×(1500)
1/2
)/12=3.874 sprinklers. 
The length of long rectangular side: 1.2 x (1500)
1/2
=46.5 ft 
Underground pipe: 150’-0” run to city main. Concrete lined ductile iron: C=140 (22.4.4.7); multiplying factor 
of 1.33 (22.4.3.2.1); Equivalent length factor 0.94. 
 
6. Summary of Spaces and Pre-action Application covered in this re -port. 
Switch Room 
Dimensions: 40’-0”x 84’-0” 
Type of Sprinkler System” Clean Agent FM-200 
Switch Mechanical Room 
Dimensions: 40’-0”x 18’-0” 
Type of Sprinkler System” Clean Agent FM-200 
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Shipping and Receiving Area 
Dimensions: 40’-0”x 36’-0” 
Type of Sprinkler System: Double Interlocked Pre-action 
Electrical Room 
Dimensions: 12’-0”x36’-0” 
Type of Sprinkler System: Double Interlocked Pre-action 
Data/IT Room 
Dimensions: 12’-0”x36’-0” 
Type of Sprinkler System” Clean Agent FM-200 
DC Power Room 
Dimensions: 31’-0”x45’-0” 
Type of Sprinkler System” Clean Agent FM-200 
Control Room 
Dimensions:  13’-0” x 32’-0” 
Type of Sprinkler System: Double Interlocked Pre-action 
Hallway-119 
Type of Sprinkler System: Double Interlocked Pre-action 
Offices 116/117 (Identically sized rooms) 
Dimensions: 12’-0” x 12’-0” 
Type of Sprinkler System: Double Interlocked Pre-action 
Offices 118  
Dimensions: 24’-0” x 23’-0” 
Type of Sprinkler System: Double Interlocked Pre-action 
Conference Room 
Dimensions: 32’-0” x 24’-0” 
Type of Sprinkler System: Double Interlocked Pre-action 
7. Sprinkler Systems 
1. Types of Suppression Systems 
Telecommunication Equipment Spaces: Two levels of FM-200 discharge heads, designed for a con-
centration of 7%. 
Administration Areas with Acoustical Ceilings: Double interlocked pre-action sprinklers at the ceil-
ing level. 
2. FA Interface 
Photoelectric Sensors will initiate the pre-action systems spaced in accordance with NFPA 72. 
8. Features used in design methodology 
1. Bases for System Components and Hardware Selection 
FM Global listed and/or UL approved. 
2. Bases for System Requirements 
NFPA-13, NFPA-25,  
3. Bases for sprinkler locations / spacing / placement. 
NFPA 13, Light Hazard 
4. Bases for sprinkler bracing, hangers, and restraint 
NFPA 13 Chapters 9 
5. Performance-based Analysis of Suppression 
Designed per NFPA-13 
6. Sequence of Operations 
See drawings 
7. ITM requirements 
System Part/Interval Standard Care and Maintenance Requirements. 
Fire Department Connection/ 
Monthly 
Verify that the FDC is accessible to trucks. Caps are in place, threads 
are in good conditions, drain in in order, confirm check valve is not 
leaking. 
Pre-action control valve/Semi-
Annual 
Valve operation performed by manufactures certified personnel. 
Confirm  that smoke detectors are functioning properly to command 
pre-action actuation (without flooding the pre-action system. 
Water flow alarms/Quarterly Confirm valve provides alarm when flow is by-passed to drain in a 
test. 
Pressure gauges/Annual Confirm permanent gauge reading with an inspector calibrated 
gauge. 
Sprinklers/Visual Semi-Annual Confirm all heads are still in accordance with the manufactures and 
codes requirements, ie no painting, obstructions, or impairments. 
Check valves/Semi-Annual Determine tightness by proper verification tests. 
Low point drains on wet 
side/Fall 
Confirm that no obstruction prevent rain from the LPD. 
Air Pressure/Weekly Confirm air pressure is maintained on the pre-action side and there 
are no false reading. 
Water pressure/Weekly Confirm water pressure through permanent gauge readings. 
 
9. Clean Agent System Design Criteria 
The clean agent system shall be FM-200 (HFC-227ea) with a design concentration of 7.0%. The NFPA 2001-
2004 Edition Table A5.519(K) for total flooding quantity (English Units) shall be used. There shall be no sub-
stitution for the clean agent. 
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10. Clean Agent System Testing Requirements 
1. The clean agent system shall be tested in accordance with the NFPA 2001 Chapter 4 and AHJ re-
quirements.  
a. Below are typical leakages for wall/floor areas per HB SCE (Klote, Milke, Turnbull, Kashed, & 
Ferreira, 2012). This building is considered to have a tight construction due to its critical ap-
plications. 
a. Exterior Building Walls:0.0072 in
2
/ft
2
 
b. Floors (applied to roof): 0.00095 in
2
/ft
2
 
2. At the completion of the clean agent installation, fans tests shall be performed by the contractor 
and witnessed by the authority having jurisdiction. All penetrations shall be sealed by others prior to 
the testing. 
3. The piping shall be pneumatically tested in a closed circuit for a period of 10 minutes at 40 psig. At 
the end of the 10 minutes, the pressure drop shall not exceed 20 percent of the test pressure. 
4. Perform operational testing per the sequence of operation and verify alarms or troubles area re-
ceived by on-site monitoring. 
5. Fan test results must show that room integrity is sufficient enough to maintain the HFC-227EA (FM-
200) suppression agent interface height to a level of not less than 10 feet above the floor for a peri-
od not less than 10 minutes. 
11. Other considerations for Clean Agent Application 
1. The perimeter walls of the room shall be full height (one hour rated). 
2. The access doors to all protected areas shall have door seals and sweeps with automatic door clo-
sures 
3. Any penetrations to the exterior walls for cable or conduit should be sealed. 
4. Any supply of return air from the building system shall have motor operated dampers for closure 
upon the control systems second alarm per the sequence of operations. These are necessary to help 
contain the agent within the hazard in the event of a discharge. The dampers become extremely im-
portant when the above ceiling area is used as a return plenum which is tied into the building air 
system. Motorized smoke dampers shall be provided to maintain the concentration levels required 
for the extinguishment with FM-200. 
5. The dedicated make-up air unit and any dampers should be interconnected for shutdowns with the 
control panel. All power for these interconnections shall be independent of the control panel and 
located within their own enclosures. 
6. 120 VAC power circuit will have to run through a dedicated 20 AMP circuit breaker to the control 
panel. 
12. System Interface/Sequence of Operations 
 
 
13. Approvals 
a. The system shall be functionally tested in accordance with the AHJ requirements and approved only once 
the testing results are accepted. 
b. All functional testing shall also be observed by and witnessed by the insurance Underwriters agent. 
14. Hydraulic Calculations 
The total hydraulic demand of the system is 243 GPM 
plus 100 GPM for hose stream allowance at approxi-
mately 54 psi. 
 
 
These values were obtained by using the spread sheet 
below. The sprinkler routing and sprinkler head place-
ment was revised based on Dr. Mowrer’s comments 
upon review of the Module 5 project assignment sub-
mittal. 
Project name: FPE 596 Module Assignment 7           Due Date: 13-June-13 
Project name: FPE 596 Project Report D(gpm/ft
2
)= 0.11 
  
Area of Protection 
(ft
2
)= 144 
                        k= 5.6 
Step No. 
Nozzle Ident 
and Location 
Flow in 
gpm Pipe size 
Pipe Fit-
tings and 
Devices 
Equivalent 
Pipe Length 
Friction loss 
(psi/ft) Pressure Summary Notes 
  1   q   1.049   L 12.08 C= 100.00 Pt 8.00 Q= 144 X 0.11 
1             F       Pe   P= (15.84/5.6)
2
=6.61 
  2   Q 15.84     T 12.08 pf 0.12 Pf 1.43     
  2   q 17.20 1.049   L 10.75 C= 100.00 Pt 9.43     
2             F       Pe   q= 5.6(9.43
1/2
) 
  3   Q 33.04     T 10.75 pf 0.46 Pf 4.96     
  3   q 21.24 1.38   L 11 C= 100.00 Pt 14.39     
3             F       Pe   q= 5.6(14.39
1/2
) 
  TEE   Q 54.28     T 11 pf 0.30 Pf 3.35     
      q       L -1 C=   Pt 17.74     
              F       Pe   k= 12.89 
      Q 54.28     T -1 pf   Pf       
  4   q   1.61   L 1.4 C= 100.00 Pt 8.00 Q= 144X0.11 
4             F       Pe       
  TEE   Q 15.84     T 1.4 pf 0.015 Pf 0.02     
                        8.02 k= 5.59 
                          Q= 23.55 
                          
Q equals k*available pres-
sure, in this case17.74 
      q   1.61   L -1 C= 100.00 Pt 17.74 Q= 49.43+22.95 
5  DN TO CM       (1)Tee F 8     Pe 0.866     
      Q 77.84     T 7 pf 0.280 Pf 1.96     
  
CM To BL-2 
q   
2.067 
  L 10.5 C= 100.00 Pt 20.56 
K=77.84/SQRT(20.56); K=17.17 6       F       Pe   
  Q 77.84   T 10.5 pf 0.083 Pf 0.87 
      q 79.49 2.067   L 10.5 C= 100.00 Pt 21.43     
7 
BL-2 CM to 
BL-3       1(tee) F 1.5     Pe   
q=17.17*sqrt(22.30) 
      Q 157.32     T 12 pf 0.304 Pf 3.65     
      q 85.99 2.469   L 10.5 C= 100.00 Pt 25.08     
8 BL-3         F       Pe   q=17.17*sqrt(26.02) 
      Q 243.32     T 10.5 pf 0.287 Pf 3.01     
      q   3.068 (2)90el L 95 C= 100.00 Pt 28.10     
9` CM to FIS `     Tee F 40     Pe 3.897     
      Q 243.32   PAV, GV T 135 pf 0.100 Pf 13.46     
      q   4.026 (2)90el L 150 C= 100.00 Pt 45.45     
9` Through UG `     GV F 25     Pe 3.897     
  to City Main Q 243.32   Tee T 175 pf 0.027 Pf 4.64     
Pt 53.99 
 
  
15. Fire Suppression Graphical Representation 
1. *Project plans 
FP001- Fire Protection General Notes and Legend 
FP110-Fire Protection Floor Plan Layout 
• Sprinkler Zones indicated. 
• Hydraulic Nameplate Data and Design Criteria 
• Hydrant Flow Test Data 
FP200-Fire Sprinkler Layout  
• Pre-action sprinkler routing 
• Pre-action sprinkler riser Size 
• Pre-action cross main size 
• Pre-action branch line size 
• Pre-action sprinklers, K-factor and coverage. 
FP310-Fire Sprinkler Elevation Section 
• Elevation view of sprinkler riser and components. 
FP601-SPRINKLERS OPERATRION MATRIX 
• Pre-action sprinkler interface with detections system 
• Clean agent suppression system sequence of operations (for reference only). 
2. Locations of Sprinkler Riser 
See Drawing FPE-523 FP310-Riser located in the Sprinkler Room located at the North East corner of the building.  
It also houses the pre-action cabinet assemblies 
 
 
 
 
 
 
  
  
 
 
 
 
 
V. Special Hazards and Considerations 
  
1. Mission Continuity/Uptime 
Fire is a serious threat for a telephone phone service company to provide reliable telecommunications service to a commu-
nity. These service providers have a necessity to remain in operation through fire events or have sufficient time to transfer 
their workloads on to other facilities as a disaster recovery measure without interruption to service.  Although the avoidance 
disruption of service is the paramount task for these facilities, other constraints such as long term equipment damage, and 
personnel safety are equally as important. With the exposure of smoke from the most abundant fuel sources in these facili-
ties, PVC cable jacketing, telecomm and other electronic equipment is put at risk of short and long term failures. 
 
It is the intent that the switching equipment remains in operation throughout the duration of an earthquake, hurri-
cane, fire, or any other natural disaster.  In only the most extreme cases will the facility be completely depowered as result 
of a fire or disaster, since these facilities provide emergency communications including E911 communications.   
 
Owners of the telephone switching and exchange centers go to through great measures to have a high level of fault 
tolerance. Typical facilities have N+1 redundancy on electrical and mechanical utilities and fairly advanced fire prevention 
and suppression systems as in this building. 
This building has the following special hazards and considerations 
• A Battery Room- where per the IFC continuous powered fan exhausts. 
• Cross zoned multi technology smoke detection. 
• Clean agent suppression in all process equipment rooms 
• Smoke purge system in process equipment rooms.   
• Emergency Power Off 
 
2. Computer Room and Information Technology Equipment-Need for Smoke Management 
Smoke management systems installed in critical equipment rooms are intended to protect the sensitive electronic equip-
ment from being exposed to the caustic and damaging contents of the smoke, thereby preventing circuit bridging, circuit 
pack failures, and large capital loss of equipment with these spaces.  In addition, the smoke management system is intended 
to maintain the smoke layer above a minimum height necessary to allow depowering operations by on-site personnel and 
local fire-fighting authorities for sufficient time to allow such depowering operations (typically 1 hour).  And finally, the sys-
tem serves as a smoke purge system necessary to provide rapidly remove smoke after a fire by means of dilution ventilation 
so normal operations can continue.    
 
• Products of combustion in a telecom facility include chlorine from combusted plastics, tin and lead from solder con-
nections, zinc from transistor chip coatings, copper and bromine from circuit boards, manganese, silicon, and so 
forth. 
• When combined with moisture, chlorine formed hydrochloric acid, and ionic chlorides formed electrically conduct-
ing compounds that can lead to corrosion damage and electrical shorts or signal noise in the system. Soot is an effi-
cient absorber of HCl and by adhering to circuit boards promotes corrosion. 
• Particle deposition onto circuit packs leads to bridging and resultant current leakage that contributes to the deterio-
ration of telecommunications equipment performance and a loss of reliability. 
 
The system shall be fully automatic, fulfilling all control functions to shutdown normal HVAC, close all doors, and close all 
dampers in affected zone after detection of a fire, release of clean agent, timed removal of smoke and return all HVAC and 
equipment operations to normal operating conditions after removal of the smoke.  
 
3. Smoke Purge/ Smoke Management System 
See section VIII. 
4. Depowering  
A major hazard that is present for the fire brigades is the exposure to potentially energized electrical equipment and con-
ductors. Typical water hose stream suppression is not sufficient to suppress electrical fires on live electrical equipment as 
the fire will re-ignite after a short suppression stints.  For this reason, many AHJ’s require data-center facilities be equipped 
with a central power shut off means, typically called an EPO. However, due to the criticality of public telecommunication 
functions any inadvertent use of the single power shut off switch can lead to detrimental impacts to the community at large. 
For this reason no single point of power shut is proposed for this building and is in accordance with NFPA 76-6.5. In lieu of 
the EPO a detailed plan for selective means of depowering individual sources of power will be provided to the Fire Depart-
ment and also maintained at the site. This plan will entail a detailed route to each source breakers, automatic transfer 
switches, and generator shut off-switches, fire suppression, smoke control, and fire alarms panels. See attached drawing 
FP101 for this reference plan. 
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Figure V-II NFPA-76 SELECTIVE DEPOWERING 
  
Figure V-I NFPA 76 DEPOWERING DECISION TREE 
  
 
 
 
 
 
VI. Hydrogen Exhaust 
  
1. Lead Acid Battery Room Exhaust 
 
The following is cited from the client’s design standard. 
“Lead Acid batteries require ventilation because they release varying amounts of hydrogen during charge cycles.  Hydrogen 
is a lighter than air gas and is colorless and odorless.  In sufficient concentrations hydrogen can ignite causing injury to peo-
ple and/or equipment damage.  Hydrogen tends to accumulate in corners near the ceiling or other spaces where air circula-
tion may be impeded.  The amount of hydrogen released by a battery is dependent on charge current and the number of 
cells. Batteries operated on float charge produce less hydrogen gas than when on recharge or on equalize charge.  Equalize 
charging uses a higher voltage; therefore, forces more current into the battery which produce more hydrogen.  This current 
causes oxygen in the electrolyte water to be absorbed into the negative battery plate.  With oxygen stripped from the H2O 
(water) molecule, what’s left is hydrogen.  Valve Regulated Lead Acid (VRLA) batteries –called sealed cells - tend to release 
less hydrogen than flooded cells, under normal circumstances because hydrogen and oxygen are recombined internally. 
Modern VRLA cells have a recombination efficiency of 90 to 95% meaning that they release only 5% as much hydrogen as 
their flooded counterparts.  Under certain failure conditions, however, VRLA cells release very large amounts of hydrogen.  A 
number of explosions have occurred around the country when VRLA batteries went into thermal runaway and the building 
or cabinet exploded.  For this reason, worst case conditions must be the basis for all ventilation calculations and systems 
whether for flooded or VRLA batteries.  All battery rooms, areas in which batteries are charged and all battery vaults or cab-
inets require ventilation adequate to prevent accumulations of hydrogen greater than 1%.  Because hydrogen tends to ac-
cumulate in pockets, airflow in battery spaces shall provide adequate turbulence especially at ceiling corners or natural 
pockets formed by beams or girders protruding down from a ceiling in order to prevent such pockets.  The American Society 
of Heating, Refrigeration and Air Conditioning (ASHRAE) requirement for .5 ACH or 15 CFM per human occupant will provide 
adequate ventilation provided that there is sufficient turbulence in the battery area for float operation.  This level of ventila-
tion may not be sufficient when batteries are recharging or on equalizing charge.  In these cases additional ventilation is 
needed.  In sites where Economizer systems are intended to recirculate indoor air with limited air changes, then the battery 
room or area must be equipped with an exhaust fan.  The exhaust fan shall be controlled by a cycling timer or hydrogen 
sensing device that turns on the fan if hydrogen in concentrations greater than 1% are detected.  The sensor should be 
placed high on the battery area wall near a corner as hydrogen will tend to accumulate there.  Where timers are used to 
control exhaust fans, they shall be set to provide ventilation of the space sufficient to prevent accumulations of hydrogen 
greater than 1%.  This requirement shall be based on the cubic volume of the space and the volume of hydrogen gas which 
will be expelled by the battery under equalize charge conditions.” 
 
A hydrogen exhaust system has been included for the battery room per section 608 of the IFC with the parameters noted 
below. 
 
Equation VI-1Hydrogen Generation and Exhaust Calculation 
 
 
Figure VI-I-Hydrogen Exhaust System
  
 
 
 
 
 
 
VII. Design Fires 
 
 
 
  
1. Performance based objectives and analysis 
 
1. Cable Tray Fire 
The most likely fire would be initiated in a cable tray bed due to some sort of insulation failure [ (N. Alvares, 2000)]. 
The fire process may start as a smoldering burn and transcend into a flame fire if the proper detection and subse-
quent detection is not in place.  Per Alvares and Pello (N. Alvares, 2000) “neglecting the initial upward spread of the 
fire for simplification purposes, a cable tray fire initiates at a point and spreads radially outward through the cable 
bed surface, which is assumed to be uniform. Once the flame front reaches the cable tray edges, it propagates longi-
tudinally along the tray until the flames ignite cables in adjacent (perpendicular) trays.” As the fire spreads, heat, 
smoke and HCL are released. These parameters are of primary interest to protect the telephone switching equip-
ment housed in the facility since they will yield the potential thermal and corrosion damages.  The smoke production 
rate will also determine the time to detection and clean agent suppression discharge activation. 
a) Mass Burning and Heat Release Rates 
The insulation’s rate of mass burning is given by the following equation. 
 = 
" =  (1) 
 = flamespreadrate 
  = fuelburningrate 
" = fuelburningrateperunitarea(g. s) 
 = time 
 
 The mass of insulation material burnt at time t is given by 
 = /0
0(2) 
 = firegrowthconstant( gs0) 
 
Where  =  "  is the fire growth constant, which requires information about the mass burning rate per 
unit area and the flame spread rate. PVC and PE cables are most abundant, for which the mas burning rate 
5 6" =
789
5:; (N. Alvares, 2000) and the flame spread is approximetly <6 =1 mm/s (N. Alvares, 2000). 
 
= = ><6:5 6?? = > ∗ 7: ∗ 78 0.000059 g/s3 
  
A =  ∆CD = ∆CD (3) 
Using a value of ∆CD = 19.6 kJ/g for PVC and PE mixture, E = 7. : ×7GHIJ:KL 
The FDS model in this report uses the t
2
 value to for 1155, seconds until the fire reaches 1600kW. There after the 
HRR remains constant for the duration of the simulation. 
b) Smoke and HCL Generation 
With a constant smoke yield, the smoke generation rate is given by; 
 M =  NM = NM (4) 
Per the SFPE hand book table 3-4.16  (Babrauskas, 2008) using a conservative value based on PE which has a lower 
smoke yield than PVC of NM =0.060 g/g. 
 5 ; = G. GGGGO8 9;-I QG. GRG
9
9S = I. OTU7G
−OW: (4) 
 
Similarly, the HCL generation is given by (based on PVC). 
 XYZ =  NXYZ = NXYZ(5) 
For NXYZ = 0.581(Babrauskas, 2008)a  
 XYZ = 0.000059 cM-d (0.581)
 = I. T:e8 × 7GHOJ: 
c) Thermal ceiling layer growth 
The time dependent thermal ceiling layer thickness can be calculated following the analysis of Zukoski (Zukoski, 
1978). The thermal layer growth is the rate at which the distinct thermal gradient between ambient space tempera-
ture and the hot fire gases descends. It is given by the following equation; 
fg
h − A
∗ = 0(6) 
ij = klk − mnokpnlkqrDonrnksrqtoℎnDvkopp 
ij =
tj
C  
w = (sC)
/

x  
x = yonrnksqoq(), in this case an area of 36 m2 will be considered. This area corresponds to roughly a 
20’-0” X 20’-0” enclosure formed by the ceiling beams just above the fire origin. 
Q* is the non-dimensional heat release rates. 
A∗ = ∆CD

3{|}|D~C(sC)//
 
Integrating equation 6, the variation of the ceiling layer thickness, tj, with time 
tj = ∆Xj
d
0
 (7) 
Using the previously obtained  and ∆C and ambient temperature of air at 20 deg. C the ceiling growth of 
the smoke layer is W = I. O × 7GHWI(). 
d) Smoke and HCL Concentrations in Ceiling Layer 
Realizing that the smoke ceiling layer is equal to the thermal ceiling layer, the smoke concentration in the ceiling 
layer is expressed by  
yM = j
d
0g
 (8) 
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HCL concentration is similarly given by  
yXYZ = j
d
0g
 (9) 
The smoke and HCL concentrations become respectively Cs=3.3x 10-8t3/yt and CHCL=3.2x 10-7t3/yt. 
e) Smoke Detector Response 
Using equation 8 the activation time of the smoke detector can be determined. Per NFPA -72 (see report section III, 
paragraph 4.1) the alarm will be initiated at 1.0%/ft obscuration rate at the VEWFD and 2%/ft  (0.07%/m) obscura-
tion rate for the photoelectric detectors.  
yM =
 

(10) 
 = poDnnDonkDnlkDlonDnokplvo(

s ) 

tM
= klk − mnokpnlkqrlnDqrmokpnt 
For approximate value of  =8.7 m2/g (Mulholland, 2008) and of 0.059 optical density (Schilfiliti, Meacham, & 
Custer, 2008), Cs=0.0068 g/m
3
, with the detector placed 0.15 m below the ceiling, and an area of 36m
2
 with the pre-
viously obtained Ys and a, equation 8 gives a detector response time of 31.3 seconds. The temperature at this time 
is obtained by using the expression 
}c = 16.9
(∆Xj

)
/d
X /d
+ }|at 31.3 seconds the temperature is 23.7 deg. C. 
Since this the fire is in a clean agent suppression zone, the analyzed photo electric sensors will initiate the agent dis-
charge.  However there is a 45 second time delay after the alarm condition is sensed before the clean agent system 
is discharged. At this time the ceiling jest plume temperature will be 29.55 deg. C. 
Once the fire is detected by the EWFD in 31.3 seconds, the clean agent FM-200 suppression system shall be enabled 
for discharge with a 45 second delay. Upon discharge the agent shall  
 
 
 
 
 
 
 
(SEC) (g) (MJ) (g) (g) (m) (deg.C) (g/m
3
) (g/m
3
) 
t mf Q ms mHCL yt Tg Cs CHCL 
0.00 0.00 0.00 0.00 0.00 0.00 20.00 0.00 0.00 
31.30 0.61 1.18 0.00 0.03 0.00 22.29 0.94 9.14 
76.31 8.84 6.99 0.02 0.20 0.02 27.51 0.94 9.14 
676.31 6151.76 548.87 1.64 15.68 (Floor) 157.69 1.70 16.50 
3676.31 988094.25 16218.31 48.38 463.29 (Floor) 
Flame 
Impinges 
Ceiling 
273.27 2649.93 
Table VII-1-Fire Products at Given Time
 Table VII-2-Tabulated Values of Parameters Obtained Above 
  (g/m
2
s)   (mm/s) (g/s
3
) (g/g) (g/g) kJ/g (m
2
)     m (min) (g) (MJ) (g) (g) (m) (deg.C) (g/m
3
) (g/m
3
)   
  
 
 
 
D/ys vf α YS YHCL Hc S Km Dm H t mf Q ms mHCL yt Tg Cs CHCL Notes 
General 19.00 - 1.00 0.0000597 0.06 0.58 19.60 36.00 8.70 0.64 - - - - - - - - 3.3E-08 3.2E-07 Constant Evaluation (not the value) 
Ion 
 
0.100 - - - - - - - - - - - - - - - - 0.0115 - Example 
Photo 
 
0.059 - - - - - - - - - - - - - - - - 0.0068 - Smoke Concentration at activation 
- - - - - - - - - - - - 31.3 - - - - - - - - yt=0.15, A=36m
2
, above , Ys 
- - - - - - - - - - - 3.51 - - - - - - 22.29 - - temperature of CJ when detected (PE) 
- - - - - - - - - - - - 76.31 - - - - - 27.51 - - temperature of FM200 discharge 
 
 
Fire timeline VII-1
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2. Fire Scenario if Fire Not Controlled 
 
1. Non Controlled Fire 
It is obvious from the preceding section that the detection and suppression at this facility would notify of the 
fire event and suppress it in an expedited manner. However if the fire is allowed to grow un-controlled it will 
surely lead to detrimental impacts to the operation and the flame would impinge the ceiling, greatly increas-
ing the risk of flashover at the facility.  
  
CHAPTER 7.  ESTIMATING THE FULL-SCALE HEAT RELEASE RATE OF A   
 
CABLE TRAY FIRE 
Version 1805.0   
The following calculations estimate the full-scale cable tray heat release rate.   
Parameters in YELLOW CELLS are Entered by the User. 
    
Parameters in GREEN CELLS are Automatically Selected from the DROP DOWN MENU for the Cable Select-
ed. 
All subsequent output values are calculated by the spreadsheet and based on values specified in the input 
parameters.  This spreadsheet is protected and secure to avoid errors due to a wrong entry in a cell(s). 
The chapter in the NUREG should be read before an analysis is made.     
INPUT PARAMETERS 
  
                
Cable Bench-Scale HRR 
(Qbs) 589 kW/m2 
Exposed Floor Area (Length x Width) of Burning Cable Tray (Af) 65.00 ft2 6.039 m2 
Calculate 
HEAT RELEASE RATE DATA FOR CABLE TRAY FIRE 
    
    
  
                               BENCH-SCALE HRR OF CABLE TRAY FIRE  
Cable Type Bench-Scale HRR Select Cable Type 
  per Unit Floor Area (L x W)   
 
  Q"bs (kW/m2) Scroll to desired cable type then Click on selection 
ld PE 1071 
PE/PVC 589 
XPE/FRXPE 475 
PE/PVC 395 
PE/PVC 359 
XPE/Neoprene 354 
PE, PP/Cl.S.PE 345 
PE/PVC 312 
XPE/Neoprene 302 
PE, PP/Cl.S.PE 299 
PE, PP/Cl.S.PE 271 
FRXPE/Cl.S.PE 258 
PE, Nylon/PVC, Nylon 231 
PE, Nylon/PVC, Nylon 218 
XPE/Cl.S.PE 204 
Silicone, glass braid, as-
bestos 182 
XPE/XPE 178 
PE, PP/Cl.S.PE 177 
Silicone, glass braid 128 
Teflon   98 
User Specified Value Enter Value 
Reference: "Categorization of Cable Flammability, Part 1: Laboratory Evaluation of  
Cable Flammability Parameters," EPRI Research Project 1165-1, NP-1200, Part 1. 
ESTIMATING FULL-SCALE CABLE TRAY HEAT RELEASE RATE 
        
Reference: SFPE Handbook of Fire Protection Engineering, 3rd Edition 2002, Page 3-16. 
Qfs = 0.45 Qbs Af 
Where Qfs = cable tray full-scale HRR (kW) 
Qbs = cable tray bench-scale HRR 
(kW) 
Af = exposed floor area (length x width) of burning cable tray 
(m2) 
Heat Release Rate Calculation 
Qfs = 0.45 Qbs Af  
 
Qfs =  1600.56 kW 1517.04 Btu/sec 
 
 
The above calculations are based on principles developed in the SFPE Handbook of Fire Protection 
Engineering, 3rd Edition, 
2002.       
Calculations are based on certain assumptions and has inherent limitations.  The results of such 
calculations may or may not have reasonable predictive capabilities for a given situation, and should 
only be interpreted by an informed user.     
Although each calculation in the spreadsheet has been verified with the results of hand calculation, 
there is no absolute guarantee of the accuracy of these calculations.   
Any questions, comments, concerns, and suggestions, or to report an error(s) in the spreadsheet, 
please send an email to nxi@nrc.gov or mxs3@nrc.gov.     
 
Prepared by:   Date   Organization   
Checked by:   Date   Organization   
Additional Information 
            
            
            
Revision Log                                       Description of Revision   Date 
1805.0 
Original issue with final 
text.     January 2005 
            
            
            
Table VII-3-NRC 1805 HRR Calulation
  
 
 
 
 
VIII. SMOKE MANAGEMENT SYSTEM 
  
1. Smoke Control System Sequence of Operations 
This facility will be equipped with a smoke management system. The controls system shall be listed in ac-
cordance with UL 864 with and fire fighters’ smoke-control stations per NFPA92. All space isolation and 
smoke dampers shall be listed UL-555/S. All equipment including fans and belts shall be listed for the tem-
perature which it may be exposed to. 
During normal operation, the system shall maintain the spaces under positive pressure. 
The make-up air unit shall operate continuously to provide ventilation air to the equipment spaces, provid-
ing positive pressure to the room. 
Upon first alarm EWFDS in the applicable zone, the normal HVAC operations shall be disabled and all FSD 
control dampers shall close to isolate the space. 
The smoke management system shall be enabled automatically within a minimum of 10 minutes (or as de-
termined by the fire suppression system fan integrity testing and hold time) after the release of the clean 
agent suppression into the affected zone. 
Upon the call to start from the automations control system or manual override switch on FSCS, the exhaust 
fans and associated makeup air unit shall start. 
Automated controls system shall override the fire alarm signal to open all combinations fire/smoke dampers 
at all duct penetrations on exhaust fans or makeup air duct to allow proper airflows. 
The control dampers on makeup air duct to affected zone shall fully open; al other unaffected zones and as-
sociated control dampers shall remain closed (this is to direct the airflow only to the affected zone). 
Normal HVAC equipment shall remain off during this time. 
The smoke evacuation system shall operate for minimum of 1 hour. 
The automated control panel shall automatically reset the fire alarm panel 1 hour (or as determined by the 
Engineer and/or AHJ) into the operation of the smoke management equipment. 
Scenario 1: If smoke is still present, the fire alarm panel will go into alarm again and try to initiate 
clean agent release signal (although no agent will be available). The smoke management system will 
begin the 10 minute time delay again after the clean agent signal and begin the 10 minute time de-
lay again after the clean agent signal and begin smoke evacuation operations automatically again. 
This process shall repeat until manually overridden by operator. 
Scenario 2: If smoke has been removed; once the fire alarm panel has been automatically reset and 
the sensors detect no smoke, the smoke evacuation system will shut-down ( after a minimum of 1 
hour run time) and the normal HVAC will automatically be enabled to maintain the normal tempera-
ture and humidity set-points. 
The smoke management system shall be interlocked with the fire alarm system so that it cannot run during 
the release of clean agent system, even under manual override. 
A difference in the flow rates is observed between the exhaust and make-up rates with the use of the NFPA-
92 method and the CFD model. The CFD yields the flow requirements nearly 4 times the amount required 
when calculated with the NFPA-92 approach. Furthermore, there was another report prepared by the client 
that yielded similar results as the NFPA92 approach. The previous report was based on C-FAST analysis and 
did not consider the cold supply air or the large air changes rates in the facility. 
Below are equipment selections for the make-up air handling unit and the smoke exhaust fans. 
 
 
 Table 0-1-NFPA-92 Smoke Management Calculations-Cable Tray Fire 
Mathematcal 
Nomenclature  Values Units Description-Cable Tray Fire 
Xc= 0.70   Convective Heat Fraction 
De= 2.00 m
2
 Equivalent Flame Diameter (NFPA-5.6.8)-Fire in Tray is 18" x 40' 
Q= 1,600.00 kW Fire Size 
z= 1.00 m Elevation Above the tray to to the interface (tray el.7'-0") 
zl= 2.75 m  Mean flame height (NFPA92 5.5.1.1d) 
m= 2.75 kg/sec z>zl; mass flow rate  (NFPA92-EQ:5.5.1.1e) 
Tp= 426.78   Plume Centerline temperature 
Tsl= 426.78 C Smoke Layer Temperature (NFPA92-EQ5.5.5) 
To= 20.00 C Ambient Temperature 
K= 1.00     
Qc= 1,120.00 kW Convective HRR 
m= 2.75 kg/sec   
cp= 1.00  kJ/kgK   
        
rhoexhaust= 0.50 kg/m
3
 Density of air in plume 
rhointake= 1.25 kg/m
3
 Density of ambient air 
patm= 101,300.00 pa atmospheric pressure 
        
Vexhaust= 
5.46 m3/sec NFPA92 -EQ:5.7b 
327.52 m3/min   
11,565.13 ft3/min   
Veach= 5.46 m3/sec flow through each fan outlet 
        
Vintake= 
2.21 m3/sec   
132.46 m3/min   
4,677.09 ft3/min   
Veach 2.21 m3/sec flow throught each intake opening 
        
Vmax= 
18.76 m3/sec Maximum flow rate to avoid plugholing (NFPA92 5.6.3b) 
1,125.66 m3/min   
39,748.06 ft3/,min   
d= 1.00 m   
gamma= 1.00     
        
Amu= 2.16 m2 Total Area of Makeup air Opening NFPA92_4.4.4.1.4 
Amu_each= 2.16 m2 Size of each opening to maintain1.02m/sec 
 
 
Table 0-2-NFPA-92 Smoke Management Calculations: Rack Fire 
Mathematical No-
menclature  Values Units Description-Rack Fire 
Xc= 0.70   Convective Heat Fraction 
De= 0.43 m
2
 Equivalent Flame Diameter (NFPA-5.6.8)-6"  bundle in 6' rack 
Q= 200.00 kW Fire Size 
z= 3.00 m Elevation Above the tray to to the interface (tray el.7'-6") 
zl= 1.20 m  Mean flame height (NFPA92 5.5.1.1d) 
m= 2.55 kg/sec z>zl; mass flow rate  (NFPA92-EQ:5.5.1.1e) 
Tp= 74.85   Plume Centerline temperature 
Tsl= 74.85 C Smoke Layer Temperature (NFPA92-EQ5.5.5) 
To= 20.00 C Ambient Temperature 
K= 1.00     
Qc= 140.00 kW Convective HRR 
m= 2.55 kg/sec   
cp= 1.00  kJ/kgK   
        
rhoexhaust= 1.01 kg/m
3
 Density of air in plume 
rhointake= 1.25 kg/m
3
 Density of ambient air 
patm= 101,300.00 pa atmospheric pressure 
        
Vexhaust= 
2.52 m3/sec NFPA92 -EQ:5.7b 
150.94 m3/min   
5,329.63 ft3/min   
Veach= 2.52 m3/sec flow through each fan outlet 
        
Vintake= 
2.05 m3/sec   
122.80 m3/min   
4,336.06 ft3/min   
Veach 2.05 m3/sec flow throught each intake opening 
        
Vmax= 
6.89 m3/sec Maximum flow rate to avoid plugholing (NFPA92 5.6.3b) 
413.34 m3/min   
14,595.23 ft3/,min   
d= 1.00 m   
gamma= 1.00     
        
Amu= 2.01 m2 Total Area of Makeup air Opening NFPA92_4.4.4.1.4 
Amu_each= 2.01 m2 Size of each opening to maintain1.02m/sec 
  
 
 
 
 
IX. MODELING INORMATION
 
1. Design Fires Summary 
 
 
No. Design Fire Fuel 
Max. HRR 
(kW) Modeling Assumptions Source 
1 Cable Tray  PE and PVC Cable Insulation 
1600 
Model assumes the fire spreads the full length 40'-0" length of the tray. A t-squared growth rate is model 
based on the analysis in the report.  
Obtained by use of NRC 1805 tools. 
2 
Computer 
Rack Burn-
ing 
Primarily the plastic insulation of 
wires and other electronic com-
ponents. 500   Nureg-4527-ST11UQ Cab Fire 
3 
Battery Cell 
Fire Lead Acid Cells 1,220 Fire limited to 1 rack following the curves as defined by the source. H.R. Bahadori, Hughes Associates (2006) 
Table IX-1- Design Fire Summary 
2. Design Fire Case HRR 
1. Switch Room Cable Tray 
This design fire represents two cables trays (18”x 6” each) in the Switch Rooms. The room is 40’x 84’ 
and has a floor to ceiling height of 18’-0”. The maximum HRR is 1,600 kW and has the following 
growth, burn, decay profile.  
 
 
 
 
 
2. Switch Room Electronic Equipment Rack 
This design fire represents a electronic cabinet fire in the Switch Room. The room is 40’ x84’ and has 
a floor to ceiling height of 18’-0”. The maximum HRR is 193.75kW and has the following growth, 
burn, and decay profile. 
 
 
3. Battery Room: Round Cell Batteries  
This design fire represents round cell batteries in acrylic stand located in the battery room. The 
room is 12’ x 36’ and has a floor to ceiling height of 18’-0”. The maximum HRR IS 1,220kW and has 
the following growth, burn, and decay profile. 
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3. Design Fire Modeling 
1. Switch Room Cable Tray Fire 
 
The fire modeling for this report was conducted in FDS-5. FDS is CFD based, large eddy simulation software accepted 
by the industry and developed by NIST. 
The Figures IX-I through IX-III illustrate the modeling scenes. Given that the fire is suppressed in 673.3 seconds, the 
smoke layer interface has a much better gradient and is at a higher elevation per Figure III, when compared to a fire 
that is allowed to burn for the full hour (Figure II). This suppression time is still conservative as the suppression likely 
occurs nearly instantaneously after agent discharge at the fire elevation of 8’-0”, but for safety the end of the hold 
time is used. In the model, the cooling supply air system is active recirculating approximately 90 air changes per 
hour. Upon the sequential activation of the smoke detector the HVAC system transitions from cooling mode to 
smoke purge mode. In smoke purge mode, the supply air and return air are disabled; the make-up air and the ex-
haust venter are simultaneously opened at this time. 
At 674 seconds the fire is only allowed to grow to 546 kW and the obscuration rate at the 8” level is only 8.61%/m. 
The smoke layer’s maximum temperature does not  
 
Figure IX-I_ Physical FDS Model 
 
 
Figure IX-II_FDS Model Smoke Layer Interface if Fire allowed to run for 3600 minutes without suppression 
 
 
 
Figure IX-III_ Smoke Layer Interface if fire is Suppressed in 673.3 seconds 
 
 
Figure IX-IV Temperature Profile at 720 seconds 
  
 2. Switch Room Cable Tray Fire 
 
The fire modeling for this case was conducted in FDS-5. FDS is CFD based, large eddy simulation software accepted 
by the industry and developed by NIST. 
Figure V is s physical depiction of the model, with the tele-communication rack holding the burner at mid height. All 
other parameters are as in the cable tray model, including ambient temperatures and air flow rates. 
Figure VI shows the furthest height of the smoke layer decent. Given the air flow rates as determined by the cable 
tray fire only descends to an approximately elevations of 12-14 feet. 
Figure VII shows the smoke movement if the fire is allowed to burn without suppression. At 3,600 seconds the 
smoke purge system has not fully purged all of the smoke out of the space. 
 
 
Figure IX-V-Physical Model 
  
Figure IX-VI t=1168seconds max HRR) 
  
Figure IX-VII t=3600 end of 1st purge cycle 
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3. Battery Room Battery Cell Fire 
The fire modeling for this case was conducted in FDS-5. FDS is CFD based, large eddy simulation software accepted 
by the industry and developed by NIST. 
Figure VIII is the physical depiction of the model. The fire Is the red surface indicated on the North West side of the 
image. It is at an elevation of 1 ft AFF. There are two exhaust ducts located at the 17 ft AFF and two make-up air in-
lets on the East and West side of the image, discharging at the 1 ft elevations. The exhaust flows this fire has been 
nearly doubled to maintain the smoke layer interface in accordance with the clients requirement (39,730 vs 20,600 
CFM for exhaust) and the make-up air has been increased nearly fourfold and 9,535 CFM vs. 2,331 CFM for make-up 
air). 
 
 
Figure IX-VIII-Physical Model 
Figure IX shows that once the adjustments to flow are made, the smoke layer elvation is maintained 8 ft elevation to 
allow for depowering efforts and minimize the impact of equipment damage. 
Figure X shows that at approximately 90 seconds all of th smoke has been removed from the space and operation 
can be  
 
Figure IX-IX-Smoke Layer Interface at Max HRR just before decline if HRR 
 
 
Figure IX-X Approx. at t-900 all smoke is removed from the spae with the smoke purge system.
  
 
 
 
 
 
X. Appendix 
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1. Project Drawings 
1. FP001-Fire Protection Notes and Legends 
2. G001A-Building/Code Analysis-Exits 
3. G001B-Building Code Analysis-Occupancies 
4. G004A-Building Code Analysis-Wall Partitions 
5. G004B-Building Code Analysis-Emergency Lighting 
6. A310-Building Section View 
7. FP101-Overal Fire Protection De-Powering Plan 
8. FP110- Fire Protection-Suppression Zones Floor Plan 
9. FP120-Detection Fire Protection Floor Plan 
10. FP-130-Notification Appliances Fire Protection Plans 
11. FP200-Sprinkler Mains Plan 
12. FP-500 Fire Protection Details 
13. FP-504 Fire Protection Details-Panels and Interface Schematics 
14. FP601-Sequence of Operations 
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